Uptake of L-glutamate into synaptic vesicles: competitive inhibition by dyes with biphenyl and amino- and sulphonic acid-substituted naphthyl groups.
The specificity of the vesicular L-glutamate carrier was characterized using dyes with biphenyl and amino- and sulphonic acid substituted naphthyl groups, structurally similar to the specific vesicular L-glutamate inhibitor Evans Blue. The dye Trypan Blue was the most potent inhibitor; the IC50 value was determined to be 49 nM. Naphthol Blue Black, Reactive Blue 2, Benzopurpurin 4B, Ponceau SS, Direct Blue 71 and Acid red 114 were also highly potent inhibitors with IC50 values from 330 to 1670 nM (series 1). The dyes were competitive inhibitors of vesicular glutamate uptake, and acted therefore on the glutamate transporter. Their IC50 values for the vesicular uptake of gamma-aminobutyric acid (GABA) were all higher than 20 microM. They had no effect on synaptosomal uptake of glutamate. Furthermore, we have also found several other dyes with IC50 values for the vesicular uptake of glutamate ranging between 1 and 30 microM and for gamma-aminobutyric acid higher than 50 microM (series 2). The most potent inhibitor Trypan Blue contains a biphenyl group, linked by azo groups to side chains containing sulphonic, amino and/or hydroxyl groups coupled to a naphthalene ring system. Trypan Blue and Evans Blue are by molecular mechanics, shown to have planar structures with conjugated double bonds throughout the structure. The other dyes, which were less effective, had phenyl and/or naphthalene groups linked by an azo group. We have also tested a series of amino and/or hydroxyl naphthalene di-/sulphonic acids that correspond to the side chains of the most potent dyes, but they had no effect on glutamate nor on gamma-aminobutyric acid uptake. We conclude that the inhibitory action of these compounds is strictly dependent of the complete molecule.